The construction of city bus driving cycle is the key to improve traffic efficiency and transportation capacity. In this paper, the data acquisition parameter model is established by taking the Lanzhou city as an example. The data collected from the vehicle recorder are divided into several kinematics sequences. The eigenvalues of these sequences are investigated by principal component analysis and cluster analysis with SPSS tool. Based on the correlation coefficient of collected data from five typical bus lines for more than one month, three representative kinematic sequences are selected to construct the bus driving cycle for Lanzhou city. Experiments show that: 1) The bus driving cycle for Lanzhou city has the characteristics of less uniform time, low average speed and frequent acceleration and deceleration; 2) There exist large differences in bus driving characteristics between the European ECE15 driving cycle, commonly used in the China's urban roads and that of Lanzhou city.
INTRODUCTION
The vehicle driving cycle mainly describes the time velocity curve of vehicle running state. It reflects the speed change rules of vehicles in specific sections. Recently, domestic researchers have conducted in-depth research on driving cycle of some cities in China. In [1] , the typical road in Hefei is taken as an example to construct road driving cycle. In [2] , the driving cycle of passenger cars of Shenzhen urban area is constructed by short travel analysis. In [3] , the multi wavelet decomposition algorithm of discrete wavelet transform is used to reconstruct data to establish road driving condition in Hefei. In [4] , the typical driving cycle of Jinan bus are constructed by clustering analysis and Markov chain, and the effectiveness of the proposed method is verified by comparing with the measured data. In [5] , the fuzzy cmeans(FCM) clustering method is improved by self-organizing map(SOM) network to construct the road driving cycle in Hefei. In [6] , the test data are processed by fuzzy clustering method, and the driving cycle of Xi'an urban area which can reflect the traffic flow condition is established.
This paper collects a lot of driving sample data of Lanzhou No. 137 bus and divide it into several kinematic fragments sequences. Data were processed and classified by principal component analysis and cluster analysis. Finally, three representative kinematic segments are selected to construct the bus driving cycle in Lanzhou.
PREPARATION FOR DRIVING CYCLE CONSTRUCTION
The construction of driving cycle is inseparable from data collection, and the accuracy of data acquisition is affected by test methods and test routes. 
A. Text Planning
Considering that the test is to collect the driving data of Lanzhou bus, and the running time, running route, even the running speed of the bus have certain requirements. The test chooses the autonomous driving method to obtain bus travel sample data, that is, allowing the bus drivers to drive their bus under normal operation conditions.
The test data of five typical lines in Lanzhou are collected for more than one month. Among them, No.137 bus run through busy streets, suburban areas and ordinary streets, the proportion of its main roads and slip roads is close to the overall proportion of Lanzhou, which is more representative. Therefore, the No.137 bus is taken as an example to construct the driving cycle. The five typical routes are shown in Figure. 1. No. 137 bus routes as shown in Figure 2 .
B. Data Collection
There are many driving parameters that can be collected during the actual operation, such as speed, engine speed, time, mileage, atmospheric pressure, even including environmental temperature. For the construction of bus driving cycle of Lanzhou city, the parameters of vehicle speed, engine speed and time are mainly used.
The sampling frequency of vehicle recorder used in the test is 1Hz.The sampling time is from 6:30 to 20:20.The test records the driving condition of No.137 bus for Twenty-five days and collects 313765 effective speed information.
3.DATA ANALYSIS
In this section, we divide the test data into several kinematic sequences by the principal component analysis and cluster analysis.
A. Kinematic Sequences
In the process of moving from one platform to the next platform, the bus will stop and start many times. The movement of a bus from one idle speed to the next idle speed is defined as kinematics sequence. The collected data are divided into a number 417 of 300s-500s kinematic sequences, each of which starts from idle point and stops at an idle point between 300s and 500s.As shown in Table I , twenty-four eigenvalues will be used to describe these kinematic fragments and the first fifteen are used for principal component analysis. In data processing, the following criteria are used to determine acceleration, deceleration, uniform speed and idle speed [7] :Acceleration refers to the continuous process of vehicle acceleration a≥0.1 m/s 
B. Principal Component Analysis
To build the driving cycle, the kinematic sequences should be classified according to the different eigenvalues. If only the 1~2 eigenvalue is used as the classification index, some information will be lost, but if fifteen eigenvalues are classified, the computational complexity will be greatly increased, and it will also bring unnecessary difficulties in explaining the actual situation. In addition, there is a certain correlation between the eigenvalues, that is to say, the eigenvalues are not statistically independent [7] . Therefore, the principal component analysis is used to solve this problem.
However, the actual meaning of each eigenvalues is different, the form of expression is different, and the effect of each eigenvalue on the evaluation system is also inconsistent. Therefore, we need to standardize the data processing first [8] . By means of Z normalization method, the mean value of the variables is 0 and the standard deviation is 1 after dimensionless, and the matrix expression of eigenvalues is: 
Where x ij (i=1,2, … ,m;j=1,2, … ,n) is the jth eigenvalue for the ith kinematic sequence. Matrix X is normalized to get matrix Z. 
Where: Principal component analysis of data after normalization is shown in Table II . Table II shows that the accumulation rate of the first four principal components reaches 81.341%, which means that the first four principal components namely P 1 P 2 P 3 P 4 , can represent data characteristics [9] .The correlation coefficients of the first four principal components and the fifteen eigenvalues are shown in Table III . The analysis can be obtained from In order to classify the kinematic sequences by cluster analysis, we need to get the score of these sequences on the first four principal components. The formula for the principal component score of each kinematics sequences: Where Z is the normalized data matrix, and K is the number of the principal component. The formula of the e j is:
Where b ij is the value of each principal component in the component matrix table, as shown in Table IV . λ j is the variance of the principal component of the jth in Table  II . The principal component of each kinematics sequences is shown in Table V .
C. CLUSTER ANALYSIS
Cluster analysis is a statistical method for classifying complex research objects. The purpose is to classify similar data in complex data into one class [10] . In this paper, fast clustering method (K means clustering) is used to cluster all kinematics sequences, and the motion intervals of the same traffic characteristic values are divided into one class.
In the actual situation, according to the bus driving condition, all the kinematics sequences are clustered into three types, which are high speed, middle speed and low speed. According to the contribution rate of principal components, the first four principal components scores of kinematic sequences are selected for analysis. Table  VI shows integrated eigenvalue of different categories. Table VI shows that there is a great difference between different categories. The first category is low speed class. Its running speed is 17.88km/h, the running distance is 1039.45m, and the proportion of 0-10km/h speed segment is the highest, which is 47.25%. The second category is the medium speed class. Its running speed is 20.50km/h, the running distance is 1005.73m, and the proportion of each speed segment is close. The third category is high-speed class. Its running speed is 24.35km/h, running distance is 2171.43m, and 30~40km/h speed segment has the highest proportion, which is 33.88%. 
CONSTRUCTION AND ANALYSIS OF DRIVING CYCLE
The correlation coefficients of each kinematics sequences and the integrated eigenvalue can be calculated by the combined eigenvalues of each cluster. The closer the correlation coefficient is to 1, the more the kinematics sequences represent the characteristics of the data. According to the correlation coefficient, the appropriate kinematic sequences are selected as the spare part. In addition, the time length should be taken into account when selecting kinematic segments. In general, the length of time is 900s~1400s [11] . The proportion of the 3 types of traffic in Lanzhou buses is shown in Figure 3 . Lanzhou bus driving cycle diagram is shown in Figure 4 . The proportion of each speed section of Lanzhou bus is shown in Figure 5 . The comparison of parameters of the bus driving cycle for Lanzhou city and other cities is shown in Table VII . Table VII shows that the average speed of buses in Lanzhou is quite close to that of Beijing, Tianjin and Shanghai [12] , but the acceleration and deceleration are more frequent. The driving cycle abroad are quite different from those of Lanzhou: The ratio of acceleration and deceleration of ECE15 and Japan10 is much lower than that of Lanzhou, and the idling ratio is obviously higher. The acceleration and deceleration ratio of FTP75 is close to that of Lanzhou, but the average speed is much higher than that of Lanzhou. At present, ECE15 driving cycle are widely used in our country. Compared with the bus driving cycle for Lanzhou, the acceleration ratio is 12% lower and the idle speed ratio is 13% higher. Obviously, ECE15 driving cycle is not suitable for evaluating the driving cycle of Lanzhou bus. According to the study of this paper, the running speed of bus driving cycle for Lanzhou in Peak time is about 14km/h, the normal time is about 17km/h, and the idle time is 21km/h. It has the characteristics of short uniform time and frequent acceleration and deceleration, which is different from other cities in China. Therefore, it is quite necessary to formulate corresponding bus driving cycle for the specific conditions of bus operation in Lanzhou. 
CONCLUSION
In this paper, the driving data of five typical lines of Lanzhou bus are collected by vehicle recorder, and the No.137 bus is taken as an example to analyze and construct the bus driving cycle for Lanzhou city. The results show that the bus driving cycle for Lanzhou city has the characteristics of short uniform time and frequent acceleration and deceleration, which is different from the domestic and foreign countries. The construction of the bus driving cycle can also provide a theoretical basis for the future formulation of Lanzhou bus operation plan and the choice of buses.
